Efficacy of cyclosporine combination therapy for new-onset minimal change nephrotic syndrome in adults by Akira Fujiwara et al.
ORIGINAL ARTICLE
Efficacy of cyclosporine combination therapy for new-onset
minimal change nephrotic syndrome in adults
Akira Fujiwara • Nobuhito Hirawa • Yusuke Kobayashi • Keisuke Yatsu • Mari Katsumata •
Yohsuke Ehara • Yuki Okuyama • Jun Yutoh • Tomoko Kaneda • Megumi Fujita •
Yuichiro Yamamoto • Sanae Saka • Yoshiyuki Toya • Gen Yasuda • Satoshi Umemura
Received: 9 October 2013 / Accepted: 10 April 2014 / Published online: 27 April 2014
 The Author(s) 2014. This article is published with open access at Springerlink.com
Abstract
Background Cyclosporine and prednisolone combination
therapy has been used in the treatment of minimal change
nephrotic syndrome (MCNS). However, few studies have
evaluated the efficacy of cyclosporine combined with
intravenous methylprednisolone pulse therapy (MPT) as a
first-line treatment for new-onset MCNS. We conducted a
retrospective clinical study to evaluate the efficacy and
safety of cyclosporine combined with MPT and oral
prednisolone for new-onset MCNS in adults.
Methods Forty-six adult patients with biopsy-proven
MCNS were analyzed retrospectively. This study included
three groups. Group 1 (n = 17) was treated with intrave-
nous MPT (0.5 or 1.0 g/day for 3 days) followed by oral
cyclosporine (2–3 mg/kg/day) and prednisolone (30 mg/
day). Group 2 (n = 15) was treated with intravenous MPT
followed by oral prednisolone (0.4–0.8 mg/kg/day). Group
3 (n = 14) was treated with oral prednisolone (0.6–1.0 mg/
kg/day) alone.
Results The length of hospital stay was the shortest in
Group 1 (P \ 0.001). The mean duration to achieve
\20 mg/day of prednisolone was also the shortest in Group
1 (P \ 0.05). Complete remission rates were 100 % in
Group 1, 85.7 % in Group 2, and 69.2 % in Group 3 during
the 9-month follow-up (P = 0.073). The rate of adverse
effects caused by prednisolone was less in Group 1
(P \ 0.05). Multivariate analysis revealed that the inde-
pendent determinants of durations of remission were the
selectivity index (P = 0.004), eGFR (P = 0.001) and the
use of cyclosporine (P = 0.045).
Conclusions Combination therapy with cyclosporine may
be a beneficial treatment option for new-onset MCNS in
adults because of its clinical efficacy and safety.
Keywords Cyclosporine  Minimal change nephrotic
syndrome  Prednisolone  Clinical efficacy  Drug
nephrotoxicity
Introduction
In the past several decades, prednisolone has been the most
reliable treatment for minimal change nephrotic syndrome
(MCNS). However, long-term steroid therapy readily
induces adverse drug reactions such as diabetes mellitus,
gastric complications, infections, osteoporosis, and psy-
chiatric symptoms, which may compromise the quality of
life (QOL) of patients. Furthermore, long periods of hos-
pitalization for the treatment of nephrotic syndrome
decrease the QOL of these patients. Thus, the length of
hospital stay (LOS) should be shortened, and this is also
desirable for the treatment of nephrotic syndrome from the
viewpoint of medical economics. Intravenous methyl-
prednisolone pulse therapy (MPT) followed by oral pred-
nisolone has more recently become one of the treatments
for intractable MCNS [1]. While this modality has been
shown to improve remission rates, it still requires the long-
term administration of a large amount of prednisolone.
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Cyclosporine, an anti-T cell agent, has recently been
considered as a more rational treatment than corticosteroids
for MCNS, which is putatively associated with T cell
abnormalities. Furthermore, cyclosporine acts not only as
an anti-T cell agent, but also as a stabilizer for the actin
cytoskeleton in kidney podocytes; therefore, it is beneficial
for treating proteinuric kidney diseases [2]. Many studies
have consequently focused on the efficacy of cyclosporine
and prednisolone combination therapy in the treatment of
intractable nephrotic syndromes. However, the most
effective treatment option has yet to be elucidated.
Therefore, we conducted a retrospective study to evaluate
the effectiveness and safety of the major regimens used as
first-line treatments for new-onset MCNS.
Materials and methods
Patient selection
Among patients with biopsy-proven new-onset MCNS
admitted to our hospitals between 1996 and 2012, we
selected patients who fulfilled the following criteria. First,
they could be followed for at least 6 months after the ini-
tiation of treatment. Second, they had proteinuria in excess
of 3.5 g/day and serum albumin concentrations of \3.0 g/
dl at the start of treatment. Third, MCNS was diagnosed
pathologically by light microscopic findings, and con-
firmed by negative immunofluorescence and typical ultra-
structural morphology. Fourth, patients were not treated
with corticosteroids or cytotoxic agents. This study was
approved by the IRB/Ethics Committee of Yokohama City
University Medical Center (D-1309006).
Therapies and measurements
Three groups were included in the present study and were
listed in Table 1. Pretreatment baseline parameters,
including creatinine clearance, estimated glomerular fil-
tration rate (eGFR), urinary protein excretion, serum total
cholesterol concentration, serum albumin concentration,
and serum hemoglobin concentration were measured. After
discharge, blood pressure, urinary protein excretion, and
serum creatinine levels were monitored on an outpatient
basis every 2–4 weeks. The adverse effects of cyclosporine
and prednisolone were monitored based on medical
records. The selectivity index was calculated as the clear-
ance of IgG divided by the clearance of transferrin. All
patients were instructed to follow a low-sodium diet (5 g/
day). Patients with marked edema were administered
furosemide orally or intravenously, and few patients
received intravenous albumin.
Definitions of remission
The response of treatment in nephrotic syndrome was
categorized as complete remission, partial remission, or no
response. Complete remission was defined as a reduction in
proteinuria to below 300 mg/day for three consecutive
days. Partial remission was defined as proteinuria of over
300 mg/day, but below 3.5 g/day. No response was defined
as proteinuria of more than 3.5 g/day. The relapse of
nephrotic syndrome was defined as proteinuria in excess of
1 g/day that lasted for more than three consecutive days
during the follow-up.
Assessment of clinical efficacy
The LOS after commencing the treatment to discharge,
and to complete remission were evaluated as short-term
effects. Long-term effects were assessed by the total
amount of prednisolone, duration to achieve \20 mg/
day of prednisolone, and duration of sustained remis-
sion (defined as no relapse). Major adverse effects
caused by steroids, including diabetes mellitus, peptic
ulcers, infections, bone fractures, and psychiatric
symptoms were recorded. These adverse effects were
defined by the following criteria: diabetes mellitus; use
of anti-diabetic medication, peptic ulcer; based on
positive endoscopic findings, infection; requiring med-
ication, bone fracture; induced by steroids including
vertebra fracture and femoral neck fracture, psychiatric
symptoms; requiring medication, and hypertension;
systolic blood pressure [140 mmHg, diastolic blood
pressure [90 mmHg or the initiation of antihyperten-
sive medication.
Statistical analysis
Data are expressed as the mean ± standard deviation.
Statistical analyses were performed using a one-way
Table 1 Treatment groups
Group 1 Patients received cyclosporine (2–3 mg/kg/day) and
intravenous methylprednisolone pulse therapy (0.5 or
1.0 g/day for 3 days), which were followed by the oral
administration of prednisolone (initial doses 30 mg/day).
The dose of cyclosporine was maintained at whole-blood
trough levels between 50 and 150 ng/ml until the end of
the first 6-month treatment period
Group 2 Patients received intravenous methylprednisolone pulse
therapy (0.5 or 1.0 g/day for 3 days) followed by the oral
administration of prednisolone (initial doses 0.4–0.8 mg/
kg/day)
Group 3 Patients received oral prednisolone alone (initial doses
0.6–1.0 mg/kg/day)
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analysis of variance (ANOVA) followed by Tukey’s
post hoc test. Chi-squared tests were used for compar-
isons between categorical variables. Remission curves
were evaluated by Kaplan–Meier method. A possible
predictor of the LOS after the treatment, durations of
remission, and major adverse effects were tested by
multivariate analysis. Statistical analyses were per-
formed using SPSS statistics 19 (IBM) or Stat-View J




From 53 patients with MCNS identified in the initial
screening, we selected 46 patients who fulfilled the
inclusion criteria of this study and divided them into
three groups according to the treatment regimen. The
clinical characteristics of patients in the three groups are
shown in Table 2. No significant differences were
observed in any of the parameters examined. The mean
dose of cyclosporine required to maintain the whole-
blood trough level between 50 and 150 ng/ml was
118 ± 30 mg/day (range 50 and 200 mg/day) during the
first 6 months of treatment. The average doses of pred-
nisolone initiated immediately after MPT were
30.0 ± 0.0 and 39.0 ± 6.3 mg/day in Groups 1 and 2,
respectively. The initial dose of prednisolone in Group 3
was 47.9 ± 7.0 mg/day. The dose of prednisolone was
tapered by 5–10 mg every 4–8 weeks. No significant
differences were observed in the average doses of
prednisolone at discharge among three groups
(27.9 ± 3.6 mg/day in Group 1; 30.7 ± 4.6 mg/day in
Group 2; 30.4 ± 1.3 mg/day in Group 3; P = 0.062).
Days of hospitalization
The LOS after the start of therapy was the shortest in
Group 1 and the longest in Group 3 (23.6 ± 5.1 days in
Group 1; 43.2 ± 23.3 days in Group 2; 53.6 ± 17.6 days
in Group 3, P \ 0.001 by ANOVA, Fig. 1a).
Table 2 Patients characteristics
eGFR estimated glomerular
filtration rate
Characteristic Group 1 (n = 17) Group 2 (n = 15) Group 3 (n = 14) P value
Age at diagnosis (years) 37 ± 18 37 ± 16 39 ± 19 0.949
Sex (male:female) 8:9 9:6 9:5 0.596
Body mass index 25.2 ± 5.1 23.7 ± 3.2 22.7 ± 3.4 0.247
Selectivity index 0.12 ± 0.05 0.13 ± 0.10 0.13 ± 0.05 0.890
Systolic blood pressure (mmHg) 119 ± 17 120 ± 17 122 ± 13 0.866
Diastolic blood pressure (mmHg) 73 ± 11 78 ± 11 74 ± 11 0.419
Body weight (kg) 67 ± 17 65 ± 13 63 ± 13 0.722
Creatinine clearance (ml/min) 88 ± 42 88 ± 34 91 ± 42 0.966
eGFR (ml/min/1.73 m2) 67 ± 22 73 ± 26 74 ± 25 0.899
Urinary protein excretion (g/day) 7.8 ± 3.9 11.3 ± 6.1 7.9 ± 4.5 0.095
Total cholesterol (mg/dl) 488 ± 194 581 ± 284 492 ± 109 0.392
Albumin (g/dl) 1.6 ± 0.5 1.6 ± 0.6 2.0 ± 0.6 0.059
Hemoglobin (g/dl) 14.9 ± 1.7 15.2 ± 1.7 15.1 ± 2.5 0.933
Fig. 1 Length of hospital stay (a) and days required to attain
complete remission (b) after the start of therapy in the three groups
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Durations of remission
All patients achieved complete remission at 10 weeks. No
significant differences were observed in the mean durations
to enter complete remission after the start of therapy among
the three groups (14.6 ± 6.9 days in Group 1;
19.7 ± 16.8 days in Group 2; 18.2 ± 9.9 days in Group 3;
P = 0.450 by ANOVA, Fig. 1b).
Total amount of prednisolone used
The total amount of prednisolone used after the start of
therapy to 6 months was the smallest in Group 1 and
highest in Group 3 (3,444 ± 559 mg in Group 1;
4,558 ± 1,251 mg in Group 2; 5,330 ± 1,333 mg in
Group 3; P \ 0.001 by ANOVA, Fig. 2). The total
amounts of oral prednisolone and methylprednisolone were
similar in Groups 1 and 3 at 6 months.
Duration to achieve less than 20 mg/day
of prednisolone
The mean duration to achieve\20 mg/day of prednisolone
after the start of therapy was the shortest in Group 1 and the
longest in Group 3 (88.5 ± 28.0 days in Group 1;
124.5 ± 70.4 days in Group 2; 159.4 ± 96.0 days in
Group 3, P = 0.026 by ANOVA, Fig. 3).
Relapse rate
Figure 4 shows the duration of sustained remission analyzed
by the life-table method. During a follow-up period of
9 months, Group 1 showed no relapse and maintained a
remission rate of 100 %, whereas Groups 2 and 3 had remis-
sion rates of 85.7 and 69.2 %, respectively (P = 0.073). The
estimated sustained remission rate at 24 months was 77 % in
Group 1, 70 % in Group 2, and 49 % in Group 3 (P = 0.226).
Renal function
No significant differences were observed in average serum
creatinine levels between 6 months after the start of ther-
apy and prior to the treatment in all groups (Group 1:
1.02 ± 0.48–0.83 ± 0.14 mg/dl, P = 0.135; Group 2:
0.97 ± 0.41–0.81 ± 0.23 mg/dl, P = 0.064; Group 3:
0.95 ± 0.31–0.82 ± 0.18 mg/dl, P = 0.120). Similarly,
the average eGFR 6 months after the start of treatment was
not significantly different from the pretreatment baseline
level in all groups (Group 1: 70.0 ± 22.4–78.1 ± 17.1 ml/
min/1.73 m2, P = 0.210; Group 2: 72.6 ± 26.2–79.3
± 22.0 ml/min/1.73 m2, P = 0.083; Group 3: 73.9 ±
24.7–81.2 ± 31.3 ml/min/1.73 m2, P = 0.245). No patient
in any group developed renal dysfunction.
Fig. 2 Total amount of prednisolone administered during therapy for
6 months in the three groups
Fig. 3 Days required to achieve \20 mg/day of prednisolone after
the start of therapy in the three groups
Fig. 4 Duration of sustained remission in the three groups. The
proportion of patients who remained in remission during the
subsequent 24 months was calculated by the life-table method
Clin Exp Nephrol (2015) 19:240–246 243
123
Adverse effects
The adverse effects observed during the 6 months follow-
ing the start of therapy are summarized in Table 3. The
rates of steroid-induced major adverse effects were sig-
nificantly lower (P = 0.042) in Group 1. The incidence of
new-onset hypertension was 12.5 % (2/16) in Group 1,
7.7 % (1/13) in Group 2, and 8.3 % (1/12) in Group 3
6 months after the start of therapy with no significant dif-
ference (P = 0.851).
Medical costs
Because the LOS was shortened, the total medical
cost in Group 1 was significantly lower than that in
Group 3 after the start of therapy to discharge
(P \ 0.001).
Multivariate analysis
We assessed correlations using multivariate analysis. The
independent determinants of the LOS after treatments were
the selectivity index and the use of cyclosporine; and the
independent determinants of the durations of remission
were the selectivity index, eGFR, and the use of cyclo-
sporine, as shown in Table 4. The adverse effects were
negatively associated with the use of cyclosporine
(P = 0.001).
Discussion
Although steroid therapy has been the standard treatment
for MCNS, 30–70 % of patients with adult-onset MCNS
treated with prednisolone monotherapy have frequent
relapses and develop steroid dependence or resistance [3,
4]. MPT was subsequently established and shown to rap-
idly induce remission even in idiopathic steroid-resistant
nephrotic syndrome (SRNS) [5]. However, whether MPT
followed by low-dose prednisolone therapy (0.5 mg/kg/
day) is superior to high-dose prednisolone monotherapy
(1 mg/kg/day) remains unclear [1, 6]. Another therapeutic
regimen combining prednisolone with cyclosporine has
more recently been examined in MCNS patients. Eguchi
et al. [7] showed that the co-administration of cyclosporine
and prednisolone (0.8 mg/kg/day) to adult patients with the
first relapse of MCNS significantly reduced the time to
remission and allowed the prednisolone dose to be reduced
more than that with prednisolone monotherapy (1.0 mg/kg/
day). Matsumoto et al. [8] demonstrated that cyclosporine
(2–3 mg/kg/day) after MPT was not only advantageous for
the rapid induction of complete remission, but was efficient
for maintaining remission with little evidence of cyclo-
sporine toxicity in adult patients with the relapse or the first
episode of MCNS. Hamasaki et al. [9] showed that
cyclosporine in combination with prednisolone induced
higher complete remission rates than prednisolone mono-
therapy in children with steroid-resistant MCNS or other
types of nephrotic syndrome. Thus, cyclosporine combined
with MPT may further improve clinical efficacy and safety.
According to the guidelines of KDIGO for glomerulo-
nephritis, corticosteroids are recommended as an initial
treatment of MCNS in adults with evidence level 1C [10].
However, these treatments require long periods of hospi-
talization. As shown in our study, the mean LOS in Group
3 was 53.6 days. The long period of hospitalization has
been shown to markedly reduce the QOL of the adult
patients [11]. On the other hand, the guidelines of KDIGO
for glomerulonephritis and workshop recommendations for
cyclosporine described the usefulness of cyclosporine in
Table 3 Major adverse effects caused by prednisolone during the
6 months following the start of therapy






Diabetes mellitus 0 3 3
Peptic ulcer 0 0 2
Infection 0 3 1




Table 4 Multivariate analysis
to assess correlations with other
variables in all subjects
Bold values are statistically
significant
LOS length of hospital stay,
eGFR estimated glomerular
filtration rate
Variable LOS after the treatment Durations of remission
Regression
coefficient
T value P value Regression
coefficient
T value P value
Age -0.069 -0.579 0.566 -0.217 -1.683 0.101
eGFR -0.249 -1.937 0.060 -0.483 -3.466 0.001
Urinary protein excretion -0.138 -1.144 0.260 -0.115 0.878 0.386
Serum albumin 0.049 0.392 0.698 -0.047 -0.345 0.732
Selectivity index 0.384 3.374 0.002 0.377 3.051 0.004
Use of cyclosporine -0.607 -5.803 <0.001 -0.235 -2.069 0.045
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steroid-resistant MCNS [10, 12]. Cyclosporine was addi-
tionally used for the treatment of MCNS in order to induce
sustained remission in some cases. Several other studies
have suggested that the long-term maintenance treatment
of MCNS with cyclosporine may be efficient and safe at
least for a period of up to a few years [13]. In the present
study, we attempted to clarify whether cyclosporine com-
bination therapy could lead to the rapid induction of
remission and/or shorten hospitalization without severe
adverse effects in MCNS adult patients. The administration
of cyclosporine to children for the initial treatment of
MCNS has been reported previously [14]. However, few
studies have been conducted on adults. Our results clearly
showed the benefits of cyclosporine with prednisolone in
shortening the LOS without increasing the rate of adverse
effects. Furthermore, this treatment protocol decreased the
amount of prednisolone used and medical costs. Multi-
variate analysis revealed that the durations of remission
correlated with cyclosporine treatment, which indicated
that the cyclosporine treatment has benefits in reducing the
LOS and also partly shortening the periods to complete
remission.
The incidence of refractory nephrotic syndrome is
higher in the elderly, and MCNS accounts for *10 % of
all cases of nephrotic syndrome in this population. How-
ever, the characteristics of MCNS in the elderly have not
yet been established [15]. Older adult patients ([50 years)
and younger patients (18–50 years) with MCNS adminis-
tered oral prednisolone (0.8 mg/kg/day) were shown to
have similar steroid responsiveness, whereas older patients
were at higher risk of acute kidney injury [16, 17]. Each of
the three treatment groups in our study had 4 older patients
(mean age; 64 vs. 60 vs. 65 years old in Groups 1, 2, and 3,
respectively). The periods from the start of the therapy to
complete remission were shorter due to the cyclosporine
treatment (14.5 vs. 19.5 vs. 22.0 days). Adverse effects
were observed in 25 % of Group 1, 75 % of Group 2, and
75 % of Group 3. Furthermore, no relapse was reported
within 12 months in Group 1 only. Thus, the combination
of cyclosporine and prednisolone with intravenous MPT
was also effective and safe in older patients.
Serious adverse effects caused by long-term steroid
therapy are unavoidable in the treatment of MCNS adult
patients. In the present study, more oral prednisolone was
administered to Groups 2 and 3 than to Group 1. The rate
of adverse effects caused by corticosteroids was also higher
in these two groups than in Group 1. Thus, the additional
administration of cyclosporine should have steroid-sparing
effects to minimize the adverse effects caused by steroids.
Cyclosporine causes its own specific adverse effects,
including nephrotoxicity, hypertension, hepatotoxicity, and
encephalopathy. Cyclosporine nephrotoxicity has been
shown to correlate with the duration of heavy proteinuria
and cyclosporine doses [18, 19]. No significant differences
were observed in the development of hypertension or
changes in eGFR and serum creatinine levels among the
three groups. The dose of cyclosporine in Group 1 that
showed trough levels between 50 and 150 ng/ml was
almost half of that recommended in renal transplantation
[20]. Thus, the lower doses of cyclosporine administered in
this study may explain why cyclosporine caused minimum
adverse effects and mild reductions in prednisolone doses.
MPT was used to improve the efficacy of the prednis-
olone treatment and decrease the adverse effects of pred-
nisolone due to the lower doses administered as a
maintenance therapy. The total amounts of oral predniso-
lone and methylprednisolone were similar in Groups 1 and
3 at 6 months. However, the rate of adverse effects in
Group 1 was lower than that in Group 3 in the present
study. The adverse effects of prednisolone have been
associated with the oral dose and administration period of
high doses of prednisolone. An equal or more than 20 mg
oral dose of prednisolone has been identified as a risk
factor for fractures, infections, and gastric ulcers [21, 22].
Thus, we further calculated and compared the administra-
tion periods of orally administered prednisolone of 20 mg
and more in our study. The administration period of 20 mg/
day or more of prednisolone was the shortest in Group 1.
Under these conditions, we further analyzed relationships
between adverse effects and various factors, including the
use of cyclosporine. Multivariate analysis revealed that the
independent determinants of adverse effects were nega-
tively correlated with the usage of cyclosporine, only.
Thus, cyclosporine treatments correlated with decreases in
the rates of adverse effects.
Patients with MCNS typically stay for months in hos-
pitals for their treatment. Medical expenses have always
been a major issue for long-term hospitalization. There is
very limited literature on the costs associated with SRNS in
children and MCNS in adults. Colquitt et al. [23] showed
the cost-effectiveness of treatments for children with idi-
opathic SRNS. The results of the present study suggest that
combination therapy with cyclosporine has the advantages
of shortening hospitalization and reducing adverse effects.
These benefits may contribute to reductions in medical
expenses.
Our study has some limitations. First, the total number
of patients was small in the retrospective study, which
could be a source of selection bias. The treatment protocol
for Group 1 is the latest treatment option, and we asked this
treatment for all patients who met the study criteria. The
treatment protocol for Group 2 and Group 3 were freely
chosen by the doctor in charge. However, no significant
differences were observed in baseline parameters among
the three groups. Thus, selection bias may be minimal.
Second, repeated kidney biopsies are required to evaluate
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renal function and adverse effects during long-term treat-
ment. Third, edema in the intestine has been reported in
patients with severe nephrotic syndrome, and this may
decrease the absorption of drugs, including prednisolone
[24]. Thus, intravenous MPT was adopted as the treatment
of choice. As the treatment benefits were limited in the
intravenous MPT (Group 2) compared to the prednisolone
monotherapy (Group 3) in the present study, we consider
combined cyclosporine and oral prednisolone therapy
without MPT might be a potential treatment for new-onset
MCNS in adults.
In conclusion, cyclosporine combined with MPT and
oral prednisolone shortened the LOS and decreased the
total amount of prednisolone without severe adverse effects
when used in patients with the first attack of adult-onset
MCNS. Although no significant differences were observed
in the days required for complete remission among the
three groups, cyclosporine use was associated with the
period to complete response in multivariate analysis, and
relapse rates were slightly lower in Group 1 than in Group
3. Combination therapy with cyclosporine may be a useful
treatment option currently available for new-onset MCNS
in adults.
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